
for a changing world

-ared in cooperat 
S. Fish and Wildlife Sen/id

X I . •»•
*i*v^;s ' ^^

U.S. Department of the Interior 
U.S. Geological Survey



Cover Photographs
Front cover: Sunset at Squaw Creek National Wildlife Refuge with collage of selected birds found at the wildlife refuge. 
Back cover: Snow geese in flight above muskrat mounds in Eagle pool at the Squaw Creek National Wildlife Refuge. 
All photographs by David C. Heimann, U.S. Geological Survey

Bald 
Eagle

Lesser 
Yellowlegs

Yellow- 
Headed 

Blackbird

Common 
Merganser

Great 
Blue 

Heron

Hooded Merganser 
with ducklings

American White Pelicans



U.S. Department of the Interior 
U.S. Geological Survey

Topography and Sedimentation Characteristics 
of the Squaw Creek National Wildlife Refuge, 
Holt County, Missouri, 1937-2002

By David C. Heimann and Joseph M. Richards

Water-Resources Investigations Report 03-4211

Prepared in cooperation with the 
U.S. Fish and Wildlife Service

Rolla, Missouri 
2003



U.S. DEPARTMENT OF THE INTERIOR 

GALE A. NORTON, Secretary

U.S. GEOLOGICAL SURVEY 

CHARLES G. GROAT, Director

The use of firm, trade, and brand names in this report is for identification purposes only and does not constitute endorsement 
by the U.S. Geological Survey.

For additional information write to:

District Chief
U.S. Geological Survey, WRD
1400 Independence Road
Mail Stop 100
Rolla, Missouri 65401

Copies of this report can be purchased from:

U.S. Geological Survey 
Information Services 
Box 25286, Building 810 
Denver Federal Center 
Denver, CO 80225-0286



CONTENTS

Abstract............................................................ 1
Introduction ............................................................................................................................................... 2

Purpose and Scope.................................................................................................................................................. 2
Description of Study Area...................................................................................................................................... 2
Acknowledgments................................................................................................._^ 4

Methods.................................................................................................................................................................^ 4
Topography............................................................................................................................................................. 4
Sedimentation Characteristics................................................................................................................................ 6
Soil Bulk Density and Mass ................................................................................................................................... 6
Sediment Loads...................................................................................................................................................... 6

Topography and Sedimentation Characteristics .................................................................................................................... 10
Topography............................................................................................................................................................. 10
Sedimentation Characteristics................................................................................................................................ 10

Sediment Deposition, 1937 to 1964........................................................................................................ 15
Sediment Deposition, 1964 to 2002 ........................................................................................................ 16
Sediment Deposition, 1937 to 2002 ........................................................................................................ 21
Sediment Volume and Mass .................................................................................................................... 21
Pool Elevation-Area and Elevation-Capacity Data.................................................................................. 22

Squaw Creek and Davis Creek Sediment Loads .................................................................................................... 22
Summary and Conclusions.................................................................................................................................................... 31
References Cited............................................................._^ 32

Contents Hi



FIGURES

1.- 8. Maps showing:
1. Location of study area............................................................................................................................. 3
2. Comparison of current (2003) and original pool names in the Squaw Creek National Wildlife

Refuge and the 2002 surveyed area ........................................................................................................ 7
3. Squaw Creek National Wildlife Refuge topography, 1937..................................................................... 11
4. Squaw Creek National Wildlife Refuge topography, 1964..................................................................... 12
5. Squaw Creek National Wildlife Refuge topography, 2002..................................................................... 13
6. Squaw Creek National Wildlife Refuge differential sediment thickness, 1937 to 1964......................... 17
7. Squaw Creek National Wildlife Refuge differential sediment thickness, 1964 to 2002......................... 19
8. Squaw Creek National Wildlife Refuge differential sediment thickness, 1937 to 2002......................... 23

9.-12. Graphs showing:
9. Elevation-area and elevation-capacity data for Mallard North and Mallard South at the Squaw

Creek National Wildlife Refuge.............................................................................................................. 28
10. Elevation-area and elevation-capacity data for North pool at the Squaw Creek National

Wildlife Refuge.........................................................................................................................^ 29
11. Elevation-area and elevation-capacity data for Snowgoose, Northeast Main, Northwest Main, 

Cattail Complex/Moist Soil Units, Eagle North, Eagle South, and Pelican pools at the Squaw 
Creek National Wildlife Refuge.............................................................................................................. 30

12. Mean annual flow at Big Nemaha River at Falls City, Nebraska (streamflow gaging station
06815000), 1944 to 2002........................................................................................................................ 30

TABLES

1. Survey bench marks used in 2002 sedimentation survey at Squaw Creek National Wildlife Refuge................. 5
2. Summary of Squaw Creek National Wildlife Refuge pool volume, mass, area, and mean sediment

deposition.................................................................................................................^^ 8
3. Squaw Creek National Wildlife Refuge soil sample characteristics.................................................................... 25
4. Elevation/stage-area, elevation/stage-capacity, and elevation/stage-depth relations for selected

Squaw Creek National Wildlife Refuge pools ..................................................................................................... 35

HORIZONTAL DATUM

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83). NAD 83 can be 
converted to the North American Datum of 1927 (NAD 27) by using the National Geodetic Survey conversion utility 
available at URL http://www.ngs.noaa.gov/TOOLS/Nadcon/Nadcon.html.

VERTICAL DATUM

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88) unless otherwise 
specified. Elevation, as used in this report, refers to distance above or below NAVD 88. NAVD 88 can be converted to the 
National Geodetic Vertical Datum of 1929 (NGVD 29) by using the National Geodetic Survey conversion utility available 
at URL http://www.ngs.noaa.gov/TOOLS/Vertcon/vertcon.html.

iv Contents



Topography and Sedimentation Characteristics of the 
Squaw Creek National Wildlife Refuge, Holt County, 
Missouri, 1937-2002

By David C. Heimann and Joseph M. Richards

Abstract

The Squaw Creek National Wildlife Refuge 
(hereafter referred to as the Refuge), located on the 
Missouri River floodplain in northwest Missouri, 
was established in 1935 to provide habitat for 
migratory birds and wildlife. Results of 1937 and 
1964 topographic surveys indicate that sedimenta­ 
tion, primarily from Squaw Creek and Davis 
Creek inflows, had substantially reduced Refuge 
pool volumes and depths. A study was undertaken 
by the U.S. Geological Survey, in cooperation with 
the U.S. Fish and Wildlife Service, to quantify and 
spatially analyze historic rates of sedimentation in 
the Refuge and determine the surface elevations, 
depths, and pool capacities for selected managed 
pools from a 2002 survey.

The 1937 to 1964 mean total sediment depo­ 
sition, in the area corresponding to the 2002 sur­ 
veyed pool area (about 4,900 acres), was 1.26 ft 
(feet), or 0.047 ft/yr (foot per year). Mean annual 
rates of deposition, by pool, from 1937 to 1964 
varied from 0.016 to 0.083 ft/yr. From 1964 to 
2002, the mean total sediment deposition in the 
2002 surveyed pools was 0.753 ft, or 0.020 ft/yr. 
Therefore, the mean rate of sediment-depth accu­ 
mulation from 1964 to 2002 was about 42 percent 
of the mean 1937 to 1964 rate, or a 58 percent 
reduction. Mean annual rates of deposition by pool 
from 1964 to 2002 varied from 0.010 to 0.049 
ft/yr. Despite a substantial reduction in the average 
sediment accumulation rate for the Refuge, 5 of

the 15 separate pools for which annual rates were 
calculated for both periods showed a small 
increase in the deposition rates of up to 0.008 ft/yr.

Sediment deposits have resulted in a sub­ 
stantial cumulative loss of volume in the Refuge 
pools since 1937. The 1937 to 2002 total sediment 
volume deposited in the 2002 surveyed pool area 
was about 9,900 acre-ft (acre-feet), or 152 acre- 
ft/yr (acre-feet per year). The volume of sediment 
deposited from 1937 to 1964 for these pools was 
about 6,200 acre-ft, or 230 acre-ft/yr. The volume 
deposited from 1964 to 2002 was about 3,700 
acre-ft, or 97.3 acre-ft/yr.

Bulk density values were determined from 
sediment cores collected from 22 sites in the Ref­ 
uge and the bulk densities, along with sediment 
volumes, allowed for the calculation of sediment 
mass contributions to the Refuge. From 1937 to 
2002, about 10,300,000 tons of sediment were 
deposited in the 2002 surveyed area, or 32.4 
tons/acre/yr (tons per acre per year). The total 
computed mass of sediment deposited between 
1937 and 1964 was about 6,510,000 tons, or an 
average of 49.1 tons/acre/yr. The total mass depos­ 
ited from 1964 to 2002 in surveyed pools was 
about 3,830,000 tons, or an average of 20.5 
tons/acre/yr. As with sediment thickness compari­ 
sons, the rate of sediment mass deposition between 
1964 to 2002 was about 42 percent of that from 
1937 to 1964, or a 58 percent reduction.

The greatest amounts of sediment deposition 
in the Refuge for 1937 to 2002 have been near the
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Squaw Creek and Davis Creek inflow spillway 
locations. Sediment depths in some areas near 
former inflow locations have exceeded 8 ft. Relo­ 
cation of an inflow spillway effectively reduced 
additional sediment deposition at the original loca­ 
tion, and caused increased sedimentation at the 
new inflow location. This is most clearly depicted 
in a pool located in the north section of the Refuge 
that directly received Squaw Creek inflows from 
1937 to 1964 and had a mean deposition rate of 
0.081 ft/yr reduced to 0.012 ft/yr, from 1964 to 
2002, after inflows were redirected and erosion- 
management plans were implemented in the con­ 
tributing basins.

INTRODUCTION

Squaw Creek National Wildlife Refuge (hereaf­ 
ter referred to as the Refuge) occupies 7,350 acres on 
the Missouri River floodplain and neighboring bluffs in 
Holt County, Missouri. Established in 1935 from 
acquired farmland, the Refuge is managed for the pri­ 
mary purpose of providing habitat for migratory birds 
and wildlife. Several constructed pools in the Refuge 
form and maintain critical marsh and wet-prairie habi­ 
tat for hundreds of species of birds, reptiles, and mam­ 
mals including the Bald Eagle (Haliaeetus 
leucocephalus) and the State endangered eastern Mas- 
sasauga rattlesnake (Sistrurus catenatus). A nearly 
1,000-acre wet prairie located on the Refuge represents 
one of the largest wet prairies remaining in the State. 
The Refuge also attracts some 128,000 visitors annu­ 
ally for viewing wildlife, hiking, and other forms of 
recreation.

Bordering the Refuge are highly erosive loessal 
(wind-deposited silt) bluffs through which Squaw 
Creek and Davis Creek flow before draining into the 
Missouri River. Water from these streams is used to 
flood Refuge pools for waterfowl. Historically, agricul­ 
tural land use in the basins of these streams has resulted 
in the transport of high sediment loads into the Refuge. 
Sediment deposited from these streams has resulted in 
a reduction in Refuge pool volumes and depths, a loss 
of waterfowl habitat, and a reduced ability of managers 
to manipulate existing habitat conditions. A 1964 study 
comparing the then current topographic surface to a 
1937 survey documented "alarming" rates of sedimen­ 
tation in areas of the Refuge (U.S. Fish and Wildlife 
Service, 1964). The changes in topography, sedimenta­

tion rates, and sedimentation distribution in the Refuge 
since the 1964 survey were unknown.

A study was undertaken by the U.S. Geological 
Survey (USGS) in cooperation with the U.S. Fish and 
Wildlife Service (USFWS) to quantify the historic rates 
and spatial distribution of sedimentation on the Refuge 
and determine the 2002 surface elevations, depths, and 
capacities for selected managed pools. The results will 
aid the USFWS in the management of the Refuge pools 
and provide the USGS a better understanding of the 
rate and delivery mechanisms of sediment to the dimin­ 
ishing Missouri River wetlands.

Purpose and Scope

This report describes topography and sedimenta­ 
tion characteristics of the Squaw Creek National Wild­ 
life Refuge. The current volume and area of selected 
pools, as well as land-surface changes from 1937 and 
1964 surveys, are presented along with graphical 
depictions of sedimentation in the Refuge. Average 
rates of sedimentation volume, thickness, and mass are 
computed for 1937 to 1964,1964 to 2002, and 1937 to 
2002.

Description of Study Area

The Refuge is located on 11.5 mi2 (square miles; 
7,350 acres) in Holt County near Mound City, Missouri 
(fig. 1). The primary sources of water to the Refuge are 
Squaw Creek and Davis Creek with drainage areas of 
63 and 23 mi , respectively. Continuous streamflow 
and suspended-sediment data were collected for Davis 
Creek near the point it enters the Refuge (station num­ 
ber 06815555) from January 2000 to September 2002, 
and for Squaw Creek (station number 06815575) from 
October 2000 through the current (2003) year.

The Squaw and Davis Creek drainages consist of 
soils in the Marshal-Exira-Shelby soil series associa­ 
tion, which are silt loam/silty clay loams (U.S. Depart­ 
ment of Agriculture, 1997). Marshal, Exira, and Shelby 
soils are present on the slopes (greater than 7 percent) 
while minor soils in this association—Judson and 
Kenridge soil series—are present on the footslopes and 
floodplains. Soils in these associations are used for 
crops including com, soybeans, and winter wheat. Ero­ 
sion is the main management concern with all of these 
soils. Relief in the Squaw and Davis Creek Basins is 
about 232 ft (feet) from where the upper basin divides

2 Topography and Sedimentation Characteristics of the Squaw Creek National Wildlife Refuge, Holt County, Missouri, 1937-2002
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(1,096 ft) to the north Refuge boundary (about 864 ft). 
The 1971 to 2000 mean annual precipitation for Ore­ 
gon, Missouri (located about 10 miles southeast of the 
Refuge) is 39.0 inches per year (National Oceanic and 
Atmospheric Administration, 2002).

There were no formal erosion-control programs 
in place in Holt County before the establishment of the 
Holt County Soil and Water Conservation District in 
1974. The U.S. Department of Agriculture funded the 
construction of 21 floodwater retarding structures/sed­ 
iment retention ponds in the Davis Creek Basin in the 
1960's (Marilyn Roberts, Holt County Soil and Water 
Conservation District, oral commun., 2003). A Special 
Area Land Treatment (SALT) project was undertaken 
in the Davis Creek Basin in the 1990's to work with 
landowners to reduce soil erosion from cropland, pas­ 
ture, and woodlands. Currently (2003), the Squaw 
Creek Basin is in the second year of a 5-year Agricul­ 
ture Non-Point Source (AGNPS) pollution manage­ 
ment project to provide assistance to landowners in 
enhancing Squaw Creek water quality, including reduc­ 
ing sediment and nutrient transport. Historically, agri­ 
cultural land use in the Squaw and Davis Creek Basins 
was more pasture than cropland. Today (2003), agricul­ 
tural land use in the basins is more cropland than pas­ 
ture (Marilyn Roberts, oral commun., 2003). While 
there is a greater portion of cropland in the basins, 
which has the potential to be more erosive than pasture, 
most landowners in the basins employ no-till fanning 
in an effort to reduce erosion; this was not commonly 
practiced in previous decades.

Acknowledgments

The authors acknowledge Ron Bell, Squaw 
Creek National Wildlife Refuge Manager, and Rick 
Spear, Assistant Refuge manager, for their assistance 
during the course of this study.

METHODS

Topographic data from 1937 and 1964 USFWS 
surveys were used with a 2002 USGS survey to deter­ 
mine changes in land-surface elevations in the Refuge. 
The topographic contour and point data were then used 
to build Geographic Information Systems (GIS) digital 
surfaces and used in the determination of sedimenta­ 
tion characteristics (depth, volume).

Topography

The 1937 and 1964 topographic information was 
obtained from historic USFWS surveys (U.S. Fish and 
Wildlife Service, 1964). There are no available data 
regarding the methodology of these surveys or the 
number of points used in the development of the maps, 
but it is likely that these maps were developed using a 
base line survey, a method described in Rausch and 
Heinemann (1968). With this method, point data would 
have been collected along selectively spaced survey 
cross sections perpendicular to an established base line 
oriented parallel to the Refuge. The contours would 
then have been developed by interpolating between the 
cross-sectional point data. For this report, the 1937 and 
1964 maps were digitized, and digital surfaces created, 
to compare these data with a 2002 topographic survey. 
Elevations for the 2002 survey were collected between 
January and April 2002, along pre-determined 660-ft 
cross-hatched gridlines, developed and oriented for 
each pool, and point data were collected approximately 
every 100 ft along the gridlines. Bench marks were 
established within the Refuge at selected locations (fig. 
1, table 1) and tied into established first-order horizon­ 
tal and vertical survey markers near the Refuge. The 
vertical accuracy of the established USGS bench marks 
was plus or minus 0.06 ft, and the horizontal accuracy 
was plus or minus 0.02 ft.

Approximately 9,500 topographic points, con­ 
sisting of a set of Universal Transverse Mercator 
(UTM) coordinates and an elevation, were collected 
between January and July 2002. The points were col­ 
lected with a Global Positioning System (GPS), which 
consisted of a base unit established over a known bench 
mark and as many as two rover units that collected 
position information (coordinates and elevation) rela­ 
tive to the base unit. In this way, kinematic or "real 
time" survey points were collected without the need for 
post processing. The rovers were mounted on an all-ter­ 
rain vehicle, a surveying rod (for hiking or boat work), 
or an automobile, and points were collected on a pre-set 
time interval of 20 to 30 seconds at a traveling speed of 
approximately 5 miles per hour. Comparisons were 
made at least once per day between established bench 
mark coordinates and the current daily corresponding 
bench mark reading to ensure proper operation of 
equipment and determine temporal errors in GPS ele­ 
vation readings. The vertical errors, and, therefore, the 
topographic point data errors, were determined on 
average to be within plus or minus 0.06 ft. All 2002 sur­ 
vey data were collected in reference to the North Amer-

Topography and Sedimentation Characteristics of the Squaw Creek National Wildlife Refuge, Holt County, Missouri, 1937-2002
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lean Datum of 1983 (NAD 83) horizontal datum, and 
the North American Vertical Datum of 1988 (NAVD 
88) vertical datum.

The number of topographic points collected dur­ 
ing the 2002 survey probably exceeded the number of 
points collected during the 1937 and 1964 surveys; 
therefore, the accuracy of the 2002 survey was greater. 
Comparisons between the 2002 and historic topo­ 
graphic surveys will be limited by the detail available 
from the historic maps.

The 2002 survey data were collected from the 
floodplain part of the Refuge corresponding with the 
1937 and 1964 surveys, with the exception of the 
unsurveyed Moist soil unit pools, Cattail Complex, and 
Bluff pool (fig. 2). The 2002 surveyed area was about 
4,900 acres compared to a total of about 6,200 acres 
surveyed in 1937 and 1964 (table 2). The specified 
lower management priority of the unsurveyed areas, the 
smaller pool size, tree cover, and flooding conditions of 
these pools resulted in these areas being the least effi­ 
cient to survey with the available resources. While 
some data points were collected at these sites, there was 
insufficient information with which to draw revised 
elevation contours.

Sedimentation Characteristics

Topographic contour maps of the Refuge and 
estimates of sediment thickness and volume informa­ 
tion were generated using digital surfaces created from 
the 2002 survey data and existing maps. GIS software 
were used in the creation and comparisons of the digital 
maps. A digital representation of the 2002 Refuge 
topographic surface was generated from the 2002 sur­ 
vey data. This surface was edited using a combination 
of field observations, survey sketches, and aerial photo­ 
graphs to accurately depict the land surface features. 
Digital surfaces also were generated from pre-existing 
(1937 and 1964) topographic maps of the area (U.S. 
Fish and Wildlife Service, 1964). All of the digital sur­ 
faces were projected and transformed into a common 
horizontal and vertical datum (NAD 83, NAVD 88) for 
calculations of differential sediment thickness, sedi­ 
ment volume, and pool elevation-area and elevation- 
capacity data. Separate differential sediment thickness 
maps were generated by subtracting the 1937 topo­ 
graphic surface from the 1964 surface, the 1937 topo­ 
graphic surface from the 2002 surface, and the 1964 
topographic surface from the 2002 surface. The total 
sediment volume for a given pool was calculated by

summing the volumes of the individual thickness inter­ 
vals in the pool. Pool elevation-area and elevation- 
capacity relations were determined from the 2002 topo­ 
graphic digital surface using GIS techniques. The 
cumulative pool volumes were determined in 0.1 ft 
increments for each pool. The 1964 topographic sur­ 
face was used to compute pool volumes where the 2002 
surface was not surveyed.

Soil Bulk Density and Mass

The sediment masses for 1937 to 1964 and 1964 
to 2002 were determined by multiplying the volume of 
deposition (from GIS calculations) by the bulk density 
of the soil. Soil samples were collected November 29, 
2002, and December 2,2002, at 22 locations, including 
21 grid points regularly spaced at 3,281 ft [1,000 m 
(meter)], and one additional point (SQ22) located in an 
area of particularly high deposition (fig. 1). Samples 
were collected using a 2-inch diameter hand corer, and 
analyzed at the USGS laboratory in Lee's Summit, 
Missouri, for bulk density and soil texture. Bulk den­ 
sity was determined by dividing the oven dry weight of 
the soil by the volume of the soil sample (Blake and 
Hartge, 1986). Complete soil cores were used in the 
analyses and oven drying was conducted at 105 °C 
(degrees Celsius) for at least 24 hours. Soil texture was 
determined by the hydrometer method as described in 
Gee and Bauder (1986). One or more samples were col­ 
lected at each of the 22 sampling points for the 1937 to 
1964 and 1964 to 2002 deposition layers, with the 
exception of points 11, 16, 17, 20, and 21, in which 
only one deposition layer was identified to sample. The 
1937 to 1964 deposition layer was determined from the 
difference between the 1937 to 2002 and 1964 to 2002 
differential sediment thickness maps. Sediment mass 
was determined pool-by-pool using the calculated vol­ 
ume from the pool and bulk density sample values from 
the pool or selected bulk density values from the closest 
soil samples.

Sediment Loads

The sediment loads and yields from the Squaw 
and Davis Creek Basins were computed to determine 
the relative sediment contributions, and compare these 
contributions with deposition patterns in the Refuge. 
Streamflow and suspended-sediment concentration 
data collected at Squaw Creek (USGS Streamflow gag-

6 Topography and Sedimentation Characteristics of the Squaw Creek National Wildlife Refuge, Holt County, Missouri, 1937-2002
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Figure 2. Comparison of current (2003) and original pool names in the Squaw Creek National Wildlife Refuge and the 
2002 surveyed area.

ing station number 06815575) and Davis Creek (USGS 
streamflow gaging station number 06815555) stream- 
flow gaging stations near Mound City, Missouri (fig. 1) 
were used to determine the relative sediment load and 
yield from these basins. Sediment samples were col­ 
lected using an automatic point sampler, and manually 
sampled using a D-74 or DH-48 depth-integrated sam­ 
pler at equal-width increments according to methods 
described in Edwards and Glysson (1999). Sediment 
samples were analyzed at the USGS sediment labora­

tory in Rolla, Missouri, according to methods 
described in Guy (1969). Periodic manual and auto­ 
matic samples were collected concurrently to develop 
"box coefficients" or correction factors to adjust the 
point samples collected by automatic samplers to that 
of the more representative equal-width increment sam­ 
ples. Annual sediment loads and yields were computed 
for the 2001 and 2002 water year record using the 
USGS program Graphical Constituent Loading Analy­ 
sis System (GCLAS) (McKallip and others, 2001).

Sediment Loads
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TOPOGRAPHY AND SEDIMENTATION 
CHARACTERISTICS

Topography

The Refuge lies near the floodplain/upland edge 
of the Missouri River floodplain and has a topographic 
gradient running generally from the northeast corner of 
the Refuge toward the southwest corner. The elevation 
range over the Refuge pools in 1937 was 20 ft with a 
maximum of 865 ft at the northeast corner of North 
pool [fig. 3; Note current Refuge pool names will be 
used throughout this report. The original pool names 
identified in U.S. Fish and Wildlife Service (1964), 
along with current pool names, are shown in figure 2 
for comparison.] and a minimum of 845 ft at the bottom 
of the former Squaw Creek channel through the south­ 
west section of Pelican pool. In 1964, the elevation 
range in the Refuge pools was 15 ft, with a maximum 
of 865 ft (northeast corner of North pool, fig. 4) and a 
minimum elevation of 850 ft (south end of Eagle South 
pool). In 2002, the range was 16 ft, with a maximum of 
866 ft (northeast corner of North pool, fig. 5) and a 850 
ft minimum elevation (south end of Eagle South pool).

Sedimentation Characteristics

To understand the historic deposition and spatial 
distribution of sediment deposits in the Refuge, the his­ 
toric locations of pool inflows from Squaw and Davis 
Creeks should be considered. The location of these 
inflows and delivery mechanisms have changed since 
the inception of the Refuge in response to high rates of 
deposition at inflow points.

The Refuge was established in 1935 from farms 
"plagued with excessive surface water and poor drain­ 
age" (U.S. Fish and Wildlife Service, 1964) and the 
location of inflows and management-unit boundaries 
have changed substantially since that time. At the time 
of the first survey in 1937, Squaw Creek was partially 
channelized within the Refuge and Davis Creek was 
channelized through the Refuge essentially at their 
present locations (fig. 1).

The inflow spillways from Squaw and Davis 
Creeks historically have been located in the north sec­ 
tion of the Refuge as the topographic gradient is from 
north to south, and water is moved through the Refuge 
by gravity. Inflow to the Refuge was by means of 
uncontrolled spillways in the channelized streams (fig.

3). The Squaw Creek spillways were located in the 
northwest section of the Refuge and allowed flows into 
Mallard North and North pools. Inflow spillways were 
established on the Davis Creek channel near the north­ 
east corner of the present Moist soil unit complex (fig. 
3). A small Squaw Creek tributary, Porter Creek, also 
entered the Refuge uncontrolled at the north central 
part of the North pool through the Todd Ditch (fig. 3). 
Squaw Creek was the primary source of inflows, and 
spillways and ditches routed water in the Mallard North 
and North pools. The only water-level control in the 
Refuge was at the outflow gate (fig. 3). The natural 
Davis Creek channel originally coincided roughly with 
the R38W-R39W range line; when Davis Creek was 
channelized, the abandoned former channel became 
known as Long Slough (fig. 3).

By 1942, many of the inflow ditches were filled 
by sedimentation as "the frequency and magnitude of 
sedimentation after establishment of the Refuge 
exceeded expectation" (U.S. Fish and Wildlife Service, 
1964) and this led to modifications in the Refuge that 
continued through the early 1990's. About 1942, 
Squaw Creek was fully channelized, and spillways 
with gated control structures were established to con­ 
trol flows into Mallard North and North pools. The 
Moist soil units and Cattail Complex were established 
in 1956. Pintail pool also was formed between 1942 
and 1964. Since the second survey in 1964, Pelican 
pool was formed from the Main pool (fig. 2). In the 
early 1970's the Squaw Creek inflow spillways were 
relocated to their present location at the southeast cor­ 
ner of Mallard South pool (fig. 5). From 1989 to 1991, 
additional modifications were made in which Mallard 
pool was subdivided into a north and south unit, Snow- 
goose pool complex was formed, and Pintail pool also 
was subdivided into a north and south unit. The various 
levees dividing the pools are from 4 to 8 ft above the 
adjacent pool floor. The pools were identified by their 
present "waterfowl" names beginning in the 1970's 
(Ron Bell, U.S. Fish and Wildlife Service, Squaw 
Creek National Wildlife Refuge Manager, oral com- 
mun., 2003; fig. 2).

The historic spatial distribution of sediment in 
the Refuge is closely related to the location of Squaw 
and Davis Creek inflow spillways. The low gradient 
Squaw and Davis Creeks effectively carry fine-sized 
sediment particles (silt/clay) in suspension to the Ref­ 
uge. Upon entering the Refuge pools, the streams 
deposit the larger silt particles near the discharge points 
forming deltaic features. The smaller clay particles
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remain in suspension for longer times, allowing a 
greater distribution as waters are transferred from pool 
to pool, and a more uniform depositional pattern. 
Because the inflow streams are low gradient and chan­ 
nelized over much of the flow there is little opportunity 
for redistribution of sediments once they are deposited. 
The only way to remove the sediment is by mechanical 
means. The Squaw and Davis Creek spillways (figs. 3 
and 4) are cleaned of sediments nearly annually. The 
channelized stream ditches also require periodic clean­ 
ing albeit at a less frequent interval—approximately 
every decade (Ron Bell, oral commun., 2003). No data 
were available quantifying the amount of material 
removed from the ditches and control structures since 
the Refuge was established.

Sediment Deposition, 1937 to 1964

Between 1937 and 1964, the mean sediment dep­ 
osition in all pool areas was about 1.37 ft, or 0.051 ft/yr 
(foot per year) (table 2). Mean annual rates of deposi­ 
tion by pool from 1937 to 1964 varied from 0.016 ft/yr 
in Snowgoose pool A East, to a maximum of 0.083 ft/yr 
in Mallard North pool (table 2) adjacent to Squaw 
Creek. The high sediment deposition rates in Bluff 
(0.072 ft/yr) and the Cattail Complex/Moist soil unit 
complex (0.079 ft/yr) are evidence of the substantial 
contributions that are possible from adjacent Davis 
Creek inflows. The 1937 to 1964 mean sediment depo­ 
sition for areas corresponding to the 2002 surveyed 
area was 1.26 ft, or 0.047 ft/yr.

The spatial distribution of sediment deposits did 
not follow a homogenous pattern, and varied with prox­ 
imity to inflow spillways. The North pool was the area 
of greatest initial sedimentation in the Refuge and 
already contained deposits exceeding 8 ft deep by 1964 
(fig. 6). This pool area was originally planned as a set­ 
tling basin, and much of the sedimentation had 
occurred by the early 1940's; however, the magnitude 
and extent of the sedimentation prompted further con­ 
trol and development projects of the Squaw and Davis 
Creek channels within the Refuge. The southwest cor­ 
ner of North pool had once been the area of greatest 
water depths in this pool, but by 1964 the southwest 
corner of the pool was used as an agricultural field 
(U.S. Fish and Wildlife Service, 1964). Depositional 
areas from 4 to more than 8 ft thick exist over the west- 
era one-third of the pool near the original inflow spill­ 
ways, with about 2 ft of sediment covering the 
remaining western one-half of the pool. The remaining

eastern one-half of the pool received less than 2 ft of 
deposition.

In 1964, the areas of greatest concern and most 
rapid deterioration with respect to sedimentation were 
Mallard North and Mallard South pools (U.S. Fish and 
Wildlife Service, 1964; fig. 6). The original spillway 
into the east central part of the pools (fig. 3) allowed 
larger Squaw Creek flows to enter freely and quickly 
develop a depositional delta. Gate structures were 
installed on the spillways from Squaw and Davis 
Creeks in the 1940's for better control of the inflows. 
With the newer gate structures it became possible to 
take water from the streams during low flows, which 
also have the least sediment transport, by ponding 
flows behind the gate until water levels reached inflow 
culvert levels. By 1964, most of Mallard North and 
Mallard South pools were covered with 2 ft of sediment 
deposits, with a maximum of about 7 ft closer to the 
Squaw Creek inflow spillway. Also of concern in the 
Refuge in 1964 were restrictions in the discharge of 
Squaw and Davis Creeks downstream from the Refuge. 
Woody debris accumulations and downstream bridge 
restrictions allowed Refuge outflows to form back­ 
water, and reverse flow back into the Refuge over the 
top of the outflow control gate (U.S. Fish and Wildlife 
Service, 1964) potentially resulting in additional sedi­ 
mentation in the Eagle South pool area.

Between 1937 and 1964 sedimentation in pools 
other than Mallard and North took place predominantly 
near the inflow spillways from Davis and Squaw 
Creeks (fig. 6). From 2 to 6 ft of sediment was depos­ 
ited in the Cattail Complex/Moist soil unit areas, with 
more deposited towards the Davis Creek inflow spill­ 
way. The 5-ft deep drainage ditch in the middle section 
of Pelican pool was filled in with sediment between 
1937 and 1964 by natural or mechanical means (fig. 6), 
and 4 to 5 ft of sediment was deposited at the present 
location of Pintail south pool, again by natural or 
mechanical means. Deposition in the Northeast and 
Northwest Main pools, most Snowgoose pools, Eagle 
North and South pools, and much of present Pelican 
pool generally was less than 1 ft. Excluding North pool 
and Mallard North and South pools, the mean deposi­ 
tion in the rest of the Refuge between 1937 and 1964 
was 1.04ft.

An oddity in the 1937 to 1964 differential sedi­ 
ment thickness maps were areas of 2 to 3 ft of apparent 
erosion in the central Eagle South pool and the north­ 
east corner of the North pool (fig. 6). These isolated 
areas are not in the path of a water course or pool dis-
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charge capable of causing erosion, and are located in an 
unlikely area of extensive mechanical sediment 
removal. It is likely that the apparent erosion in these 
areas may be the result of erroneous survey information 
in this area from either the 1937 or 1964 surveys.

Sediment Deposition, 1964 to 2002

From 1964 to 2002, the total average sediment 
deposition in the 2002 surveyed pool area (all pools 
except Bluff and the Cattail Complex/Moist soil units) 
was 0.753 ft, or 0.020 ft/yr (table 2) compared to 1.26 
ft, or 0.047 ft/yr from 1937 to 1964 for the same area. 
The mean rate of sediment depth accumulation, there­ 
fore, from 1964 to 2002, was about 42 percent of the 
mean of the 1937 to 1964 rate, or a 58 percent reduction 
in the accumulation rate by depth.

Mean annual rates of deposition by pool from 
1964 to 2002 varied from 0.010 ft/yr in the Northeast 
Main pool and Pelican pool to 0.049 ft/yr in Snow- 
goose pool A West (table 2). The two highest mean 
annual rates for the 1964 to 2002 period were detected 
in Snowgoose pools and four of the highest six rates 
were located in pools in the Snowgoose complex of 
pools. The change in rankings of mean pool deposition 
from 1937 to 1964 and 1964 to 2002 was not a result of 
substantial increases in the deposition rates in the 
Snowgoose pools, as the deposition rates in one-half of 
the Snowgoose pools actually decreased between mea­ 
surement periods. The ranking changes were a result of 
the substantial decrease in the deposition rates for those 
pools with the highest rates of deposition between 1937 
to 1964 (for example, 0.083 to 0.045 ft/yr for Mallard 
North, and 0.081 to 0.012 ft/yr for North pool). Despite 
a substantial reduction in the average rate of sediment 
accumulation for the Refuge, 5 of the 15 separate pools 
for which annual rates were calculated for 1937 to 1964 
and 1964 to 2002 showed an average increase in the 
deposition rates between the two periods of 0.004 ft/yr, 
although the maximum increase was only 0.008 ft/yr in 
Snowgoose A West.

Changes in inflow spillway structures caused a 
change in the depositional patterns in the Refuge 
between 1937 to 1964 and 1964 to 2002. The Squaw 
Creek spillways were shifted from the original loca­ 
tions by the early 1970's (Ron Bell, written commun., 
2003; figs. 3 and 4) and new gates were installed to 
allow better control of inflows. Porter Creek flows were 
routed into Squaw Creek upstream from the Refuge 
between 1964 and the early 1970's. Deposition from 
1964 to 2002 was greatest in areas of Mallard North

and Mallard South pools near inflow points with depos­ 
its up to 7.5-ft thick in some small areas, and 1- to 4-ft 
deposits in the remaining areas of these pools (fig. 7). 
The nearby Pintail pool also received 1 to 4 ft of depos­ 
its during this period. Most of Northeast and Northwest 
Main, Pelican, and Eagle North and Eagle South pools 
received 0 to 1 ft of additional sediment between 1964 
to 2002. Parts of the original Davis Creek channel 
(Long Slough, fig. 3) received 2 to 3 ft of sediment dur­ 
ing this period. The Snowgoose pool complex received 
1 to 2 ft of sediment deposits, with up to 3 ft in some 
areas including pool D, which is located near a historic 
inflow point, and pool E. The backwater problem at the 
Refuge outlet control structure was remedied with the 
elimination of downstream restrictions and the con­ 
struction of the "Five-mile lane" drainage ditch to the 
Missouri River that was completed in 1969 (Ron Bell, 
written commun., 2003; fig. 1).

The 2- to 3-ft mounded areas in the central part 
of Eagle pool and the northeast comer of North pool 
depicted in the 1937 survey map (fig. 3), shown to have 
eroded between the 1937 and 1964 surveys (fig. 6), are 
again suspicious as the mounded areas were apparently 
reformed between 1964 and 2002 (fig. 7). This sup­ 
ports the likely scenario that these mound features actu­ 
ally existed during the 1964 survey. However, because 
they likely did not fall along a survey transect line, 
these features were erroneously omitted. Other ero- 
sional areas shown in figure 7 may be the result of 
accuracy differences between the 1964 and 2002 sur­ 
veys.

Approximately 75 topographic points were col­ 
lected within Bluff pool in the 2002 survey; while these 
points were not distributed well enough to use in devel­ 
oping contours and differential sediment thickness 
maps, they can provide point-elevation comparisons. 
The data indicated that the northern one-third of the 
pool had bottom elevations similar to that of the 1964 
map (fig. 4), the middle one-third had surface eleva­ 
tions generally a foot above those shown in the 1964 
topographic map (and 2 ft above the central area 
depicted by the 854-ft contour in the 1964 map), and 
the southern one-third of the pool had surface eleva­ 
tions generally 2 ft higher than the 1964 contours. A 
small tributary, Swope Creek, enters Bluff pool from 
the east (fig. 1), in the southern one-third of the pool, 
and sediment loads from this stream may account for 
the greater deposition at the south end of this pool.
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Sediment Deposition, 1937 to 2002

The greatest amounts of sediment deposition in 
the Refuge have been near the Squaw and Davis Creek 
inflow spillways, which have been located at various 
locations in the northwest and northeast sections of the 
Refuge (figs. 6 to 8). Maximum deposits near historic 
inflow spillways (fig. 3) have exceeded 8 ft in the Mal­ 
lard pools and North pool, and more than 3 ft in the 
inflow areas corresponding with the current Snow- 
goose pools (fig. 8). When an inflow spillway is relo­ 
cated, this can reduce additional sediment deposition at 
the original location, but cause increased sediment dep­ 
osition vat the new inflow location. Such reductions 
occurred in the North pool that directly received Squaw 
Creek inflows from 1937 to 1964, and had a deposition 
rate of 0.081 ft/yr reduced to 0.012 ft/yr from 1964 to 
2002 (table 2), after inflows were redirected in the 
1970's. The current inflows from Squaw Creek are 
closer to the Snowgoose and Pintail pools (fig. 8), and 
Pintail and the northernmost Snowgoose pools all 
received greater mean annual accumulations of sedi­ 
ment from 1964 to 2002 than from 1937 to 1964.

While the greatest deposition depths exist near 
present or historic inflow spillways, essentially the 
entire Refuge has received, on average, 2 ft of sediment 
deposition since 1937 (table 2). The individual pools 
that received the greatest amounts of mean sediment 
deposition include Mallard north (3.96 ft), Mallard 
south (3.41 ft), and Snowgoose pool D (3.34 ft), all 
located near current or historic Squaw Creek spillways. 
The pools receiving the least amount of average depo­ 
sition between 1937 and 2002 include Northwest Main 
(0.98 ft), Snowgoose pool A East (1.19 ft), and Eagle 
South (1.26 ft). While pools received, on average, 1 to 
3 ft of deposition, there were areas of the Refuge that 
remained relatively unchanged since 1937 including 
parts of the Northeast and Northwest Main pools, east­ 
ern sections of North pool, and the central part of Eagle 
South pool (fig. 8).

While the Squaw and Davis Creek Basins were 
the primary contributors of sediment to the Refuge 
between 1937 and 2002, sediment contributions also 
could have been made by other Refuge tributaries and 
flooding from the Missouri River. The peak stage in the 
Refuge during the July 1993 Missouri River flood was 
858.20 ft [National Geodetic Vertical Datum of 1929 
(NGVD 29)] and the refuge was inundated by flood- 
waters for weeks (Ron Bell, oral commun., 2003). A 
comparable event to the 1993 flood, in terms of stream- 
flow, occurred in 1952 on the Missouri River in north­

west Missouri. No mention was made of sediment 
contributions from the 1952 flood to the Refuge in the 
1964 USFWS Refuge management plan (U.S. Fish and 
Wildlife Service, 1964), and there are no records or 
observations of possible sediment contributions to the 
Refuge from either of these floods. The strong associa­ 
tion between Squaw and Davis Creek spillway loca­ 
tions and Refuge sediment deposits, the lack of 
measurable deposition over some areas in the Refuge 
that were inundated during the 1993 flood (areas of 
Northeast, Northwest Main pool, eastern section of 
North pool, and central Eagle pools that in 2002 were 
unchanged from 1937 topography), and the distance of 
the Refuge from the Missouri River (approximately 5 
miles) indicate or suggest that sediment contributions 
from the Missouri River floods were not substantial. 
The sediment contributions from Porter Creek (fig. 3), 
Little Tarkio Creek (fig. 1), and Swope Creek (fig. 1) 
during the 1937 to 2002 period are likely insignificant 
in comparison with Squaw and Davis Creek but still 
unknown.

Sediment Volume and Mass

Sediment deposits have resulted in a substantial 
cumulative loss of pool volume in the Refuge pools 
since 1937. Total volume of sediment deposited in all 
pools between 1937 and 1964 was about 7,750 acre-ft 
(acre-feet) (table 2). A comparable volume for 1964 to 
2002 is unavailable as the Cattail Complex/Moist soil 
units and Bluff pool data were lacking for the 2002 sur­ 
vey, but the 1937 to 1964 sediment volume for all pools 
excluding these areas was about 6,200 acre-ft, or 230 
acre-ft/yr (acre-feet per year) and the 1964 to 2002 dep­ 
osition value was about 3,700 acre-ft, or 97.3 acre-ft/yr 
(table 2). The 1937 to 2002 total sediment volume 
deposited in the 2002 surveyed pool area in the Refuge 
was about 9,900 acre-ft, or 152 acre-ft/yr.

Any errors associated with the 1937 and 1964 
sediment surveys, and comparisons between the 2002 
survey and the earlier surveys, would be reflected in the 
volume and mass calculations. However, the methods, 
data, and errors associated with these historic surveys 
are unknown. While it is unlikely that any areas of 
extensive erosion (figs. 6 to 8) actually occurred in the 
Refuge between 1937 and 2002, these erosion values 
were included in the total net volume values (table 2). 
Sediment erosion losses amounted to approximately 3 
percent of the total deposition between 1937 and 1964, 
and 0.3 percent of the deposition between 1964 and 
2002. These values (3 percent, 0.3 percent) can perhaps
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provide an estimation of mean errors associated with 
comparisons between the 2002 survey and earlier sur­ 
veys.

Analyses of sediment samples collected from the 
Refuge resulted in the determination of representative 
soil texture and bulk densities for the assumed 1937 to 
1964 and 1964 to 2002 deposits. Soil texture and bulk 
density were heterogeneous between sites and within 
site profiles, indicating a complex spatial deposition 
pattern with time, reflecting changes in Refuge inflow 
spillways and source characteristics (table 3). Textural 
analyses indicate sand content in the samples was from 
1 to 16 percent, silt content was 29 to 88 percent, and 
clay content was 9 to 69 percent, with resulting textural 
classes from silt to clay (table 3). Bulk densities ranged 
from 16.9 lb/ft3 (pounds per cubic foot) [0.27 g/cm3 
(grams per cubic centimeter)] from a surface (1964 to 
2002 layer) sample at site SQ21 (fig. 1) to 74.3 lb/ft3 
(1.19 g/cm3) at a surface (1964 to 2002 layer) site sam­ 
ple at site SQ5. Despite the differences among and 
between sites, the soil types present at most Refuge 
sample locations were consistent with the silty clay 
loam and silt loams characteristic of the Squaw Creek 
and Davis Creek Basins. Measured soil bulk densities 
varied with texture and the amount of organic matter in 
the samples, and also were related to the vegetation dis­ 
tribution and water depth in the pools.

The total computed mass of sediment deposited 
between 1937 and 1964 in the 2002 surveyed Refuge 
pool area (excludes Cattail Complex/Moist soil unit 
and Bluff pool) was about 6,510,000 tons, or an aver­ 
age of 49.1 tons/acre/yr (tons per acre per year) (table 
2). The total mass from 1964 to 2002 for the 2002 sur­ 
veyed pool area was about 3,830,000 tons, or an aver­ 
age of 20.5 tons/acre/yr. Similar to the depth 
accumulation comparisons, the 1964 to 2002 rate of 
sediment mass deposition was about 42 percent of that 
from 1937 to 1964, or a 58 percent reduction. Overall, 
from 1937 to 2002, about 10,300,000 tons of sediment 
were deposited in the 2002 surveyed area, or 32.4 
tons/acre/yr.

Pool Elevation-Area and Elevation-Capacity Data

Elevation-area and elevation-capacity data serve 
a useful purpose in the management of the Refuge 
pools for desired vegetation conditions and wildlife 
habitat in that it provides an estimate of the volume of 
water needed to meet a target pool depth or the maxi­ 
mum water-surface area at a specified water-surface 
elevation. Pool elevation-area and elevation-capacity

data provide for a graphical means of comparing the 
historic status of deposition in the Refuge (figs. 9 to 
11). The graphs clearly show the greater area and vol­ 
ume losses that occurred between 1937 and 1964 when 
compared with the 1964 to 2002 measurement interval 
for both the Mallard North and Mallard South (fig. 9) 
and North pool (fig. 10). The 1964 to 2002 pool capac­ 
ity and area changes were not as substantial as the 1937 
to 1964 changes in the area including Snowgoose, 
Northeast and Northwest Main, Cattail Complex/Moist 
soil units, Eagle North and South, and Pelican pool 
areas (fig. 11). Pool-specific elevation-area and eleva­ 
tion-capacity data, based on 2002 survey data, are pro­ 
vided for all 2002 surveyed pools to better define 
current (2003) storage and area conditions (table 4, at 
the back of this report). These data can aid in the cur­ 
rent management of the Refuge pools and provide a 
basis for future pool-specific comparisons.

Squaw Creek and Davis Creek Sediment 
Loads

The differential sediment thickness maps indi­ 
cate that Squaw Creek was the primary contributor of 
sediment to the Refuge during 1937 to 2002 (figs. 6 to 
8) and suspended-sediment data from Squaw Creek 
and Davis Creek for the 2001 and 2002 water years 
(October 1 to September 30) supports the conclusion 
that Squaw Creek contributes greater total sediment 
loads than Davis Creek. The total annual sediment 
loads from the Squaw Creek Basin exceeded those 
from the Davis Creek Basin for the 2001 and 2002 
water years; however, the 2001 basin-area adjusted sed­ 
iment yield for the smaller Davis Creek Basin [2.33 
tons/acre (tons per acre)] exceeded that of the Squaw 
Creek Basin (1.04 tons/acre). The 2001 total sediment 
load at the Squaw Creek near Mound City, Missouri, 
streamflow gaging station (station number 06815575, 
fig. 1) was about 42,000 tons, while the 2001 sediment 
load at the Davis Creek near Mound City, Missouri, 
streamflow gaging station (station number 06815555, 
fig. 1) was about 34,200 tons. Regional streamflow vol­ 
ume in the 2001 water year was near average based on 
long-term record from the nearby Nodaway River near 
Graham, Missouri streamflow gaging station (station 
number 06817700, fig. 1), where average flow for 2001
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EXPLANATION

HISTORIC DATA—Data from the 
U.S. Fish and Wildlife Service (1964)

• 1937
• 1964 
RECENT DATA

• 2002

2 4 

INUNDATED AREA, IN HUNDREDS OF ACRES

5 10 

CAPACITY, IN HUNDREDS OF ACRE-FEET

15

Figure 9. Elevation-area and elevation-capacity data for Mallard 
North and Mallard South at the Squaw Creek National Wildlife Refuge.

was 957 ft /s (cubic feet per second) compared with a 
19-year mean of 971 ft3/s (Hauck and Nagel, 2002). 
The 2002 total sediment load from the Squaw Creek 
Basin was about 11,000 tons, and the 2002 Davis Creek 
Basin total sediment load was about 690 tons. The 2002 
yield from the Squaw Creek Basin (0.27 tons/acre) also 
exceeded that of the Davis Creek Basin (0.05 
tons/acre). The 2002 water year streamflow in the 
region was substantially below average based on the 
2002 Nodaway River near Graham, Missouri, mean 
annual flow of 192 ft3/s (Hauck and Nagel, 2003).

Davis Creek had higher maximum suspended- 
sediment concentrations than Squaw Creek as a result 
of lower streamflows in combination with possibly 
higher erosion rates in the Davis Creek Basin. In com­ 
parison the greater streamflows in Squaw Creek 
resulted in greater sediment loads despite lower maxi­ 
mum concentrations. The measured suspended-sedi­

ment concentrations from Squaw Creek near Mound 
City, during the 2001 and 2002 water years, varied 
from 46 to about 26,000 mg/L (milligrams per liter). 
The range in concentrations from Davis Creek near 
Mound City for the same period varied from 46 to 
about 72,500 mg/L. The mean annual flows for Squaw 
and Davis Creeks in 2001 were 36.0 and 15.9 ft3/s, 
respectively. The 2002 mean annual flows for Squaw

o

and Davis Creeks were 13.1 and 4.5 ft /s, respectively 
(Hauck and Nagel, 2003).

The combined sediment load from Squaw and 
Davis Creeks during a water year of average flow 
(2001) was 76,200 tons, while the mean deposition 
mass in the Refuge (2002 surveyed area) from 1937 to 
1964 was 241,000 tons/yr (tons per year) and 101,000 
tons/yr from 1964 to 2002 (table 2). The higher deposi­ 
tion mass in 1937 to 1964 compared with 1964 to 2002 
is likely the result of erosion-control management

28 Topography and Sedimentation Characteristics of the Squaw Creek National Wildlife Refuge, Holt County, Missouri, 1937-2002
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Figure 10. Elevation-area and elevation-capacity data for North 
pool at the Squaw Creek National Wildlife Refuge.

activities in the Squaw and Davis Creek Basins and 
Refuge spillway modifications made in the 1970's to 
regulate inflows and sediment contributions. Although 
a greater number of high magnitude floods from 1937 
to 1964 than from 1964 to 2002 also could cause 
greater deposition during the earlier period, there was 
no statistically significant trend in the magnitude of 
historic peak flows with time from 1944 to 2002 (p= 
0.70, significance level 0.05; fig. 12) at the nearby Big 
Nemaha River at Falls City, Nebraska, gaging station 
(fig. 1).

The difference in the 2001 suspended-sediment 
loads and the average annual sediment deposition 
between 1964 and 2002 is likely due, again, to a reduc­ 
tion in sediment inflows in the Refuge following the 
1970's spillway modifications and a continuation of 
erosion control practices in the basins. These two sedi­ 
ment reduction mechanisms would not have been in

place from 1964 to the 1970's, and would affect the 
overall 1964 to 2002 average deposition amounts. 
Other possible factors for the difference between the 
2001 suspended-sediment loads and the 1937 to 1964 
and 1964 to 2002 deposition values could be sediment 
deposition contributions from other basins [Missouri 
River, Little Tarkio Creek (fig. 1), and Porter Creek 
(fig. 3)] during flooding, and the variability in measure­ 
ment and calculation of deposited sediment mass and 
sediment loads. The two largest Missouri River floods 
in recent history that affected the Refuge occurred in 
1952 and 1993, and may have contributed sediment in 
some areas. Additional sediment load data collected 
during a range of flow conditions would be required to 
determine more conclusive relations between Squaw 
and Davis Creek suspended-sediment transport and 
Refuge deposition.

Squaw Creek and Davis Creek Sediment Loads 29
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Figure 11. Elevation-area and elevation-capacity data for Snowgoose, 
Northeast Main, Northwest Main, Cattail Complex/Moist Soil Units, Eagle 
North, Eagle South, and Pelican pools at the Squaw Creek National 
Wildlife Refuge.
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Figure 12. Mean annual flow at Big Nemaha River at Falls City, Nebraska 
(streamflow gaging station 06815000). 1944 to 2002.
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SUMMARY AND CONCLUSIONS

The Squaw Creek National Wildlife Refuge 
(hereafter referred to as the Refuge) in Holt County, 
Missouri, was established in 1935 and is managed for 
the primary purpose of providing habitat for migratory 
birds and wildlife. Results of topographic surveys in 
1937 and 1964 indicated that sedimentation, primarily 
from Squaw and Davis Creeks, had substantially 
reduced Refuge pool volumes and depths, resulting in 
a substantial loss of waterfowl habitat and a reduction 
in the ability of managers to manipulate existing habitat 
conditions. A study was undertaken of topography and 
sedimentation characteristics to quantify and spatially 
analyze historic rates of sedimentation in the Refuge, 
and determine the surface elevations, depths, and 
capacities for selected pools based on 1937,1964, and 
2002 topographic surveys.

From 1937 to 1964, the mean sediment deposi­ 
tion for the entire Refuge was about 1.37 ft (feet) or 
0.051 ft/yr (foot per year). Mean annual rates of depo­ 
sition by pool between 1937 and 1964 varied from 
0.016 ft/yr in the Snowgoose pool A East to 0.083 ft/yr 
in the Mallard North pool.

From 1964 to 2002, the total average sediment 
deposition in the 2002 surveyed pool area (all pools 
except Bluff and the Cattail Complex/Moist soil units) 
was 0.753 ft, or 0.020 ft/yr. The 1937 to 1964 mean 
total deposition for the same pool areas was 1.26 ft, or 
0.047 ft/yr. The mean rate of sediment-depth accumu­ 
lation, therefore, from 1964 to 2002, was about 42 per­ 
cent of the mean of the 1937 to 1964 rate, or a 58 
percent reduction in the mean rates of accumulation. 
Mean annual rates of deposition by pool from 1964 to 
2002 varied from 0.010 ft/yr in the Northeast Main 
pool and Pelican pool, to 0.049 ft/yr in Snowgoose pool 
A West. Despite a substantial reduction in the average 
rate of sediment accumulation for the Refuge, 5 of the 
15 separate pools for which annual rates were calcu­ 
lated for 1937 to 1964 and 1964 to 2002 indicated an 
increase in the deposition rates between the two peri­ 
ods, albeit the maximum increase was only 0.008 ft/yr 
in Snowgoose A West.

The greatest amounts of sediment deposition in 
the Refuge from 1937 to 2002 have been near the 
Squaw and Davis Creek inflow spillways, which have 
been located at various locations in the northwest and 
northeast sections of the Refuge. When an inflow spill­ 
way was relocated, additional sediment deposition was 
reduced at the original location, while sedimentation

American lotus (Nelumbo lutea) in bloom in Eagle pool at the Squaw Creek 
National Wildlife Refuge.

increased at the new inflow location. An example of 
this is found in the North pool that directly received 
Squaw Creek inflows from 1937 to 1964 and had a dep­ 
osition rate of 0.081 ft/yr, reduced to 0.012 ft/yr from 
1964 to 2002, after inflows were redirected. The cur­ 
rent inflows from Squaw Creek are closer to the Snow- 
goose complex and Pintail pools, and many of these 
pools received greater mean annual accumulations of 
sediment from 1964 to 2002 than from 1937 to 1964.

While the Squaw and Davis Creek Basins were 
the primary contributors of sediment to the Refuge 
between 1937 and 2002, sediment contributions also 
could have been made by flooding from the Missouri 
River although such contributions were likely not sub­ 
stantial. Missouri River floods in 1952 and 1993 were 
the largest in the area but there are no records or obser­ 
vations of possible sediment contributions to the Ref­ 
uge from either of these floods. The strong association 
between Squaw and Davis Creek spillway locations 
and Refuge sediment deposits, the lack of measurable 
deposition over some areas in the Refuge that were 
inundated during the 1993 flood (areas of Northeast, 
Northwest Main pool, eastern section of North pool, 
and central Eagle pools that in 2002 were unchanged 
from 1937 topography), and the distance of the Refuge 
from the Missouri River (approximately 5 miles) indi­ 
cate or suggest that sediment contributions from the 
Missouri River floods were not substantial.

Sediment deposits have resulted in a substantial 
cumulative loss of pool volume in the Refuge pools 
since 1937. The volume of sediment deposited between 
1937 to 1964 for all areas included in the 2002 survey 
was about 6,200 acre-ft (acre-feet), or 230 acre-ft/yr
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(acre-feet per year). For 1964 to 2002, the total deposi­ 
tion was about 3,700 acre-ft, or 97.3 acre-ft/yr. The 
1937 to 2002 total sediment volume, for pools surveyed 
in 2002, was about 9,900 acre-ft, or 152 acre-ft/yr. 

The total computed sediment mass deposited 
between 1937 and 1964 in the 2002 surveyed Refuge 
pool area (excluding the Cattail Complex/Moist soil 
unit and Bluff pool) was about 6,510,000 tons, or an 
average of 49.1 tons/acre/yr (tons per acre per year). 
The total 1964 to 2002 mass for surveyed pools was 
about 3,830,000 tons, or an average of 20.5 
tons/acre/yr. The 1964 to 2002 rate of sediment mass 
deposition, as with sediment depth, was about 42 per­ 
cent of that from 1937 to 1964, or a 58 percent reduc­ 
tion. Overall, from 1937 to 2002, about 10,300,000 
tons of sediment were deposited in the surveyed area, 
or 32.4 tons/acre/yr.

The differential sediment thickness maps indi­ 
cate that Squaw Creek was the primary contributor of 
sediment to the Refuge during 1937 to 2002 and sus­ 
pended-sediment data from Squaw Creek and Davis 
Creek for the 2001 and 2002 water years supports these 
findings. The total annual sediment loads from the 
Squaw Creek Basin exceeded those of Davis Creek for 
the 2001 and 2002 monitored water years; however, the 
2001 basin-area adjusted sediment yield from the Davis 
Creek Basin exceeded that from the Squaw Creek 
Basin.

The combined suspended-sediment load from 
Squaw and Davis Creeks during a water year of average 
flow (2001) was about 76,200 tons, while the mean 
deposition in the Refuge was about 241,000 tons/yr 
(tons per year) from 1937 to 1964, and about 101,000 
tons/yr from 1964 to 2002. The differences in deposi­ 
tion rates between 1937 and 1964 compared with 1964 
to 2002, and the higher deposition rates of 1964 to 2002 
compared with the sediment load from the two creeks 
during an average recent flow year (2001), do not seem 
to be the result of higher historic streamflows. Higher 
rates of deposition may have occurred during the early 
years of the 1964 to 2002 period, when erosion-control 
programs were just becoming widespread and before 
the establishment of more effective control gates on the 
inflow spillways by the early 1970's. Additional data 
during a range of flow conditions would be required to 
determine more reliable annual yields and conclusive 
relations between Squaw and Davis Creek sediment 
transport and Refuge deposition.

Measures taken in the Refuge to limit flooding 
and control the timing of inflows, along with erosion-

control measures in the Squaw and Davis Creek Basins, 
seem to have resulted in a substantial reduction in the 
average rate of sediment deposition for 1964 to 2002, 
compared to 1937 to 1964. Current (2003) deposition 
patterns are still related to the proximity to inflow spill­ 
way locations and deposition rates in individual pools 
are variable. Known rates of sediment deposition in the 
Refuge can be used to develop long-term management 
strategies for individual pools or the Refuge as a whole.
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